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Abstract 


This thesis establishes a bridge between Navya Nydya (NN) and Western 
logic - both at the level of representation as well as at the conceptual level. 
This bridge should serve as a platform on which the naiydyika on the one 
hand and Western logicians, scientists, and technologists on the other hand 
can have a dialogue with each other. 

A scheme for representing the NN expressions (NNE) diagramatically 
is presented. These diagrams are a modified version of Coceptual Graphs. 
Care has been taken to maintain isomorphism between the diagrams and the 
NNEs. 

Three important conepts in NN - abhdva (negation), nirupaka (describer), 
and avacchedaka (limitor) have been explained. Two of these concepts viz. 
nirupaka and avacchedaka have no parallel in western logic. Though abhdva 
has a counterpart in the western logic, it differs from the concept of negation 
radically. 

Resemblance of samsarga vidhayd anugama - a NN technique of abstrac- 
tion with the concept of relation contraction has been demonstrated. 

It is well known that NN does not make use of any quantifiers. An at- 
tempt has been made to answer the question - without using quantifiers how 
NN handles the quantification? 


iii 



Dedicated to 


my 


parents-in-law 



Acknowledgement 


My heartfelt gratitude to Prof. Rajeev Sangal for the guidance. He is a 
constant source of inspiration and encouragement to me. 

I am greatly indebted to Dr. Vineet Chaitanya for motivating, and shap- 
ing me properly for this project. 

I thank Prof. B.N. Patnaik for providing a helping hand whenever I 
approached him with some or the other, however small, difficulties. 

I thank Dr. D.K.Jha for providing the Sanskrit grammar expertise when- 
ever I had difficulty. 

This thesis is an outcome of the three intensive workshops on Navya 
Nydya, held during 1992-93 at IIT Kanpur. I am greatly indebted to the par- 
ticipants of the workshop Prof. Sibajivan Bhattacharya, Prof. D. Prahladacharya, 
Prof. P.K. Mukhopadhyaya, Shri. M.D. Srinivas, Sri. Navajyoti Singh, Dr. 
Rajaram Shukla for their full involvement and fruitfull discussions on Navya 
Nydya. 

I thank Mr. Bramhaji Rao and Mr. B.M.Shukla for their invaluable 
co-operation. 

Special thanks are also due to Ms. Alka Srivastava for drawing all the 
figures and providing help for Latex. Thanks to all the members of Machine 
Translation Group for their support and help. 

I don’t have any words to express my deep gratitude to Pradeep for his 
sacrifice. Words are due to my parents and relatives who gave me constant 
encouragement. 

Finally it is Achyut and Kedar who taught me what is patience. 

This thesis is dedicated to my parents-in-law who have given me moral 
support and encouragement. 


V 



Contents 


1 Introduction 


1 


2 Diagramatic representation of Navya Nydya expressions 5 

2.1 Diagrammatic Representation 5 

2.1.1 avacchinnatd 10 

2.1.2 pmiiyogitd {abhdviya) 10 

2.1.3 nirupyatd 11 

2.1.4 nisthatd 12 

2.1.5 abhinna 13 

2.1.6 parydpti 14 

2.2 Procedure for Transformation of NNE to diagrams 15 

2.3 summary 21 


3 Coneptual methodologies in Navya Nydya 

3.1 abkdva 

3.1.1 aiyanta abhdva 

3.1.2 anyonya abhdva 

3.2 nirupakatd 

3.3 avacchedaka 

3.3.1 Mode of cognition 

3.3.2 Quantifier 

3.3.3 To denote a sdmdnya object . . 

3.3.4 summary . 

4 Techniques in Navya Nydya 

4.1 anugama 


2H 

22 

2A- 

26 

5.8 

S4 

aa 

4-0 

41 


vi 



4.1.1 samsarga vidhaya anugama 4® 

4.1.2 Relation Contraction 47 

5 Quantifiers in Navya Nydya 4S 

5.1 Introduction 4S 

5.2 Arbitrary Objects 43 

5.3 Copi’s system ' so 

5.3.1 Dependency Diagrams S± 

5.4 nydya 5^ 

6 Conclusion . . 

6.1 What has been achieved 62 

6.2 Future Work \ 63 

References 64- 

Bibiliography 66 

A Correction in Ingalls derivation * 6gr 

B pratiyogitd , 9'2 

B.l Technological Clashes ' 7a 

B.1.1 abhdviya pratiyogitd T** 5^-2 

B.l. 2 sdmsargika pratiyogitd ' • 7^ 

B.2 Consistency in terminology 7 76 

C prakdra vidhaya anugama 76 

D Use of anugama to specify the relations ^9 


Vit 



Chapter 1 


Introduction 


The words in any language are finite in number. The concepts they corre- 
spond to, however, form a continuum. Naturally the words - both content 
words as well as functional words - are going to be overloaded. This makes 
Natural Language ambiguous. In spite of that human beings do not find any 
difficulty in communication. This is mainly because of shared background 
knowledge. In case of unfamiliar situations, however, one cannot understand 
the other, unless there is a precision. 

Different approaches are adopted to bring in precision, e.g. Western 
philosophers try to develop new formal languages. But these formal lan- 
guages being artificial are inappropriate for general use. The other approach 
would be to identify the sources of ambiguity in natural languages and pro- 
vide techniques to disambiguate them. The technical language of Navya 
Nydya (NN) - An Indian system of logic, has been used by different Indian 
philosophical schools and other branches of study for bringing in precision. 

The successful! application of kdraka theory to the processing of Indian 
laguages motivated us to look at NN for the disambiguation techniques with- 
out going into the philosophical details of that school. 

NN has been studied very widely from philosophicad point of view. But 
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our interest is not in the philosophical or historical aspects of the NN school. 
Can the concepts used therein be put to actual use? - This is the question, 
answer to which we are looking for. This thesis is the first step towards 
seeking an answer. 

The purpose of this thesis is to establish a bridge between NN and West- 
ern logic. This bridge should serve as a platform on which the naiydyika 
on the one hand and Western logicians, scientists, and technologists on the 
other hand can have a dialogue with each other. 

The technique and the language of NN are known for their rigour. The 
very fact that these were used in almost all branches of studies in the Indian 
tradition, indicates their independence on the philosophical issues of that 
school. 

In order to understand the NN system of logic, it is necessary to know 

1. the conceptual methodologies adopted by that system, and 

2. the techniques and the mode of presentation used by the system. 

Unless one understands these two things, there cannot be any fruitful com- 
munication between the two diverse groups. 

To understand the conceptual methodologies used by the NN system, 
the texts in NN should be accessible and there should be a communication 
between the NN scholar and a modern scientist/technologist. There are two 
different problems in communication. 

1. The language of communication: Very few modern students know 
Sanskrit and very few traditional scholars know English. Moreover 
when it comes to technical matter, even a traditional scholar who 
knows English switches to Sanskrit and this is typically not conve- 
nient for a modern student. At the same time English brings in total 
change in the sentence structure. Hence if one wants to stick to En- 
glish, one has to choose between intelligibility and the faithfulness to 
the (style of) original text. On the other hand, modern Indian lan- 
guages have same sentence structure as that of Sanskrit, and hence 
use of any modern Indian language will assure both intelligibility as 
well as faithfulness to the ori^nal text. Therefore any modern Indian 
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language common to both will be more suitable for communication 
rather than English or Sanskrit. Moreover once the text on NN is 
available in any one Indian language, with the help of anusdraka - 
which produces the faithful image of the original text, one can access 
it in any other Indian language of one’s choice. 

2. Mode of representation: Another problem is that the present day 
scientists and technologists are trained in pictorial /symbolic represen- 
tation. On the other hand the traditional scholars are trained in an 
oral tradition. Hence there is a necessity of common platform for ex- 
change of ideas. Visual aids such as diagrams can be used as a common 
platform. While using diagrams it is necessary to maintain an isomor- 
phism between these diagrams and the original expressions to prevent 
any loss of information. 

This led us to device a scheme for representing the NN expressions (NNE) 
diagramatically. To have faithful representation of the expressions is itself 
not sufficient to understand the NN text. One should also know the concepts 
and techniques used in NN and should understand at least the motivation 
behind these concepts. Again these concepts are not many in number. 

While discussing these concepts, we express them in terms of concepts 
in Western Logic that are ’similar’ to these concepts. It should be borne in 
mind that this similarity should not be stretched further. It is always easy 
to introduce new things in terms of known ones. The similarities mentioned 
above should also be taken in this spirit. 

Chapter 2 introduces the diagramatic representation for the NNEs. A 
notation ’similar’ to that of Conceptual Graphs (CG) is used. This is fol- 
lowed by a step by step procedure to render any NNE into a corresponding 
diagram. The close resemblance of these diagrams with the corresponding 
CGs is also shown. Care has been taken to maintain isomorphism between 
the diagrams and the NNEs. 

Chapter 3 introduces three of the important conepts in NN - abhdva 
(negation), nirUpaka (describer), and avacchedaka (limitor). Two of these 
concepts viz. nirdpaka and avacchedaka have no parallel in western logic. 
Though abhdva has a counterpart in the western logic, it differs from the 
concept of negation radically. 


3 



Chapter 4 presents one of the most widely used techniques in NN - 
anugama. Resemblance of samsarga vidhayd anugama with the concept of 
relational contraction in CG is also shown. 

It is well known that NN does not make use of any quantifiers. The last 
chapter answers the question - without using quantifiers how it handles the 
quantification? 
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Chapter 2 


Diagramatic representation 


of Navya Nyaya expressions 


In this chapter we first introduce a scheme of representing the NNEs in terms 
of diagrams maintaining isomorphism between the two. In the next section 
we give a step by step procedure to transform any given NNE into a diagram. 


2.1 Diagrammatic Representation 

Diagrams are used to describe the cognitive structure (jndna akarxi) as 
well as the ontological structure (sambaddha paddrtka). 

Diagrams consist of 

1. rectangular nodes which represent entities, and 

2. circular nodes with arcs on both sides -»»— C ) — ^ which 

represent relations. 
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A relation in NN is always a relation of something(prof:yo5t) in some- 
thing(anuyogi). Since the status of two relata w.r.t. the relation between 
them being different, two different arcs aje used to connect a relation to its 
relata. 

These are 

i) nistha represented by < — 

ii) nirupita represented by -»> - 

For example, the cognition ^Ddsaratht Rama’ gives rise to a cognitive 
structure that involves a relation (putratva) of Dasaratha in Rama. This is 
represented as' 


Rama 


r 


putratva 




Dasaratha 


Figure 1 


This diagram can be read in different ways. 

First we introduce the convention for reading the arrows. 
The diagram 



Figure 2 


is read as 


or 

The diagram 


a nista E 

"k 


R vat a 


(in the reverse direction of arrow) 
(along the arrow) 
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is read as 



Figure 3 


or 


b nirUpita R (along the arrow) 
(b se nirupita R) 


R nirupaka b (in the reverse direction of arrow) 

(R ka nirupaka b) 

With this convention, now the Figure 1 can be read in following different 


ways. 

NE 1.1 Dasaratha nirupita putratva van Rama 

(Dasaratka se nirupita putratva void Rama) 


NE 1.2 Rama nistha putratva nirupaka Dasaratha 

(Rama nistha putratva kd nirupaka Dasaratha) 


Remarks : 

(1) Note the directions of the arrows. A relation will always have an incom- 
ing nirupita arrow and outgoing nistha arrow. This also puts a visual 
check on the diagram. Thus the following diagram is incorrect, which 
is also reflected in the wrong nydya expression for it. 


Rama 

- 4 putrntAyn ) 

Dasaratha 





Figure 4 >t- 


NE 2.1 * Rama nistha putrtva nirupita Dasaratha 

(2) tva and vat (van) are inverse operators, in the sense that they cancel 
each other, e.g. putratvavdn = putra 

(3) In natural language nirupita gets replaced by kd in Hindi (or ’s in 
English). 
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Thus NE 1.1 can be read as 

Dasaratha kd putratvavdn Rama 
i.e. Dasaratha kd putra Rama or simply Dasarathaputra Rdma 

Note : There is a difference in the traditional and modern conven- 
tions of relation. According to the Westerners R is the relation between x 
and y, if R of x is y. While for naiydyiks R is the relation sf x in, y, if y has 
the property R described by x. Thus westerners represent ’ Rdm is son of 
Dasaratha' as 
son(Dasharath,Ram): 


Dasaratha 



Figure 5 


Rdma 


While naiydyiks represent it as Figure 1. 


Inverse Relation : 

If R is the relation of x in y then R~^, the inverse relation of R, will 
be the relation of y in x. Since the pratiyogi and anuyogi of the relation get 
interchanged, when the relation is replaced by its inverse relation, the nisiha 
and nirnpita arrows are also interchanged. The following diagrams make the 
point clear. For example, restricting ourselves to a universe consisting of 
males only, the inverse relation of putratva will be pitrtva, i.e. if, 


Dasaratha 


^putratva ^ 

Figure 6 


Rdma 


then 


Dasaratha 


pitrtva ^ 




Rdma 


Figure 7 
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In this particular example, a special term (pitrtva) for the inverse rela- 
tion was available. But in general one need not have a separate term. In 
that case, we shall denote 

R~^ by K-niripakatva or R~^ = R-katva in short. 

For example, ghata is the abhdviya pratiyogi (different from the term 
pratiyogi introduced earlier: see Appendix B) of gkatdbhdva. Hence the re- 
lation of gkatdbhdva in ghata is pratiyogitd. 

This is represented as 


gkatdbhdva 




-^pratiyogitd ^ 


ghata 


Figure 8 


The corresponding NNE is 
NE : gkatdbhdva nirupita pratiyogitd vdn ghata 

Now the relation of ghata in gkatdbhdva will be pratiyogitdkatva. This is 
represented as 


gkatdbhdva 


c 


pratiyogitdkatva 




■«- 


ghata 


Figure 9 

NE : ghata nirupita pratiyogikatvavdn gkatdbhdva 
or simply as 

ghata nirupita pratiyogitd nirupaka ghatdbhdva 

or using bahuvrihi samdsa as ghata pratiyogika ghatdbhdva. 

Now let us see the representations of a few commonly used relations in 
NN. Here we have introduced some abbreviations for certain relations that 
appear very frequently in the NN texts. The aim here is not to explain 
these concepts but just to have a faithful representation of the concepts 
or terms that are used. Hence only the linguistic aspects viz. compound 
formation or formation of cliches are considered and they are given the proper 
diagrammatic representation. 
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2.1.1 avacchinnata 

A relation which is frequently used in NN is avacchinnata. 
This is represented by 



Figure 10 


or in compact form as 



y 


Figure 11 


e.g. 


ghataiva 





prakdratd 


Figure 12 


This is read as 

NE: ghataiva nirupiia avacchinnatdvati prakdratd. 
or more compactly as 
ghataivdvacchina prakdratd. 


2.1.2 pratiyogitd (abhdviya) 

As already seen earlier, Ghata is the ( abhdviya ) pratiyogi of ghatdbhdva. 
The (abhdviya) pratiyogitd of ghatdbhdva, therefore, resides in ghata. 

This fact is represented diagrammatically with P as abbreviation for pratiyo- 
gitd as 
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ghatdbhdva 


hy 


<E)- 


ghata 


Figure 13 


and can be read as 

NE: Ghatdbhdva nirupita pratiyogitdvdn ghatah. 

Now the diagrammatic representation of 
ghatatvdvacchinna ghata nistha pratiyogitd nirupaka abhdva 
will be 



Figure 14 


Note here that pratiyogitd which is an entity is also manifested as a re- 
lation. 


2.1.3 nirupyatd 
This is represented by 
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Figure 15 



e.g. 


avacchedakatd 





Figure 16 


prakdratd 


This can be read as 

avacchedakatd nirupita nirupyatdvati prakdratd, 

or in short 

NE; avacchedakatd nirupita prakdratd 

(avacchedakatd se nirupita prakdratd) 

Since the nirupita arrow itself can serve as a relation of avacchedakatd in 
prakdratd, the above diagram can be drawn more compactly as 


avacchedakatd 




prakdratd 


Figure 17 


2.1.4 nisthata 

When two entities have ddhdra - ddheya bhdva between them, ddkeya is said 
to reside (nistha) in the ddhdra. ddheya will be then said to have nisthatd ^ 
in it. 

For example visayatd resides in visaya. 

Therefore visayatd is the ddheya of visaya. Hence ddheyatd is in visayatd 


^ also known as vrttitS ot adheyata 
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which is nirupita by visaya. This is represented diagramaticaJly as 



Figure 18 


The corresponding nydya expression for this will be 
NE visaya nirupita nisthatd vati visayatd. 

(visaya se nirupita nisthatd vdli visayatd.) 
or in short visaya nistha visayatd. 

Since, nistha arrow can itself serve as an abbreviation, we can draw it as 



Figure 19 


2.1.5 abhinna 


If two entites x and y are ontologically identical, 

the identity (tdddtmya) relation between them, is represented by 


X 



e.g. 
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NE ghatanistha visasyata abhinna prakaratd 
will be represented as 


visasyat 

3-1 

prakaratd 


J 

1 

[ 

jhaia 


Figure 20 


2.1.6 parydpti 

ghata pata nistha dvitva is related with ghata and pata by the relation of 
parydpti. 

This is represented as 




Figure 21 


This can be read as 

NE dvitva nirupita parydpti dsrayau ghatapatau 
(dvitva se nirupita parydpti ke dsraya ghata aura pata hai) 
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2.2 Procedure for Transformation of NNE to di- 


agrams 

With the help of examples, we now show how a NNE can be transformed 
by a step by step procedure to the diagrams. We also show the corresponding 
conceptual graphs and the close resemblance of these diagrams to the CGs. 
Example 1 

Consider the sentence: 

Mohanaya Rdmah pustakam dadati. 

(to Mohan Ram book gives) 

Naiyayikas represent the sabdabodha of this sentence as 

NE: Mohana uddesyaka pustaka kannaka ddna anukula krtimdn Rdmah 

Such an expression becomes ambiguous for the following two reasons. 

1. Sanskrit is very rich in compound formation. 

For example, the word rdmesvara is ambiguous between 
Rdma hat isvara jisake vaha 
and Rdma ke isvara. 


2. Because of linear representation, unless one knows the context, it is 
difficult to determine the visesana - visesya. 

For example, the phrase ’light red car’ is ambiguous between 




Figure 22 


After resolving the above ambiguities, if any, we represent the above 
NNE diagrammatically as 
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Figure 23a 


Here arrows indicate the direction along which diagram is read. The 
small boxes attached to big boxes stand for adjectives of the contents in the 
big boxes. Thus in the above figure, ddna-anukiila-kriyd has two adjectives, 
viz. Mohana uddesya hai jisakd and pustaka karma hai jisaki. 

Another way of representing this is 
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Rama 


krtimdna 

ddna-anukula-kriya 




Figure 23b 


The above diagram therefore can be read as 
Mohana uddesyaka (uddesya hai jisakd) aura piisiaka karmaka (karma hai 
jisaki aisi) ddna anukula kriyd kd krtimdn (kartrtvavdn) Rdma hai. 


Further the above diagram can be represented as follows, stating 
explicitly the relations between different terms. 



Figure 24 


This is similar to the following Conceptual Graph for the above sentence. 
This graph is read as 
Mohan is uddesya of ddna-anukula-kriya. 
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Figure 25 


pustaka is karma of dana-anukula-kriyd, 
and Rama is kartd of dana-anukiila-kriyd. 

Example 2: 

Now let us see the following definition of vydpti. This definition is the re- 
sult of few insertions in the pratkam vydpti laksanOy given by mathuranatha 
[Shukla,1984]. 

vydpti : sddhyatd avacchedaka sambandhdvacchinna 
sddhyatd avacchedakdvacchinna praiiyogita nirupaka 
abhdvavat adhikarana nistha adhikaranatva nirupita hetutd 
avacchedaka sambandhdvacchinna vrtitva pratiyogika sdmdnya abhdva 
hetau 


A modern scholar finds it very difficult to read such expressions and 
understand them. Hence, it is necessary to parse this sentence first. To 
obtain a parse one should have a domain and language knowledge as stated 
above. 

Below is a modifier-modified tree for the above sentence, that is obtained 
after resolving the ambiguities, if any, showing the visesya-visesana bkdva 
(modifier-modified relations) among different terms[see Figure 26] 

Here the label on each arrow indicates the relation of the term at the 
root of the arrow with the term at the head of the arrow. 
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Thus e.g. the relation of pratiyogita in abhdva is nirupaka. 

If an arrow does not have a label then the term at the root of the arrow is 
just a qualijier (visesana) of the term at the head of the arrow. 

Thus in the above figure 'sdmdnya' is a qualifier of ^abhdva'. 
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vyapti = 


nirupah 


abhdva 




mem 


pratiyogita sdmdnya 


nistha 


vrttitva 

nirupita \jivacchinna 


hetu 


adhikaranatd hetutd avacchedaka sambandha 
nistha 

adhikarana 
vat 

abhdva 
nirupaka 

pratiyogitd 


avacchinna 


avacchinna 


sddhyatd avacchedaka 
sambandha 


sddhyatd avacchedaka 
dharma 


Figure 26 
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Now using the conventions given earlier for diagrammatic representation, 
the modifier- modified tree can be easily converted to the following diagram. 
Aim here is just to obtain a faithful image of the given NNE, and as such 
no attempt has been made to explain it. The next two chapters discuss the 
concepts and techniques involved in NN. 


vydpii 



2.3 summary 

The notation introduced for representing NNEs is based on CG. However 
there are subtle differences between the two systems at conceptual level. 
For naiydiks relation is a property residing in its anuyogi. Hence in the same 
cognition, an entity may also get manifested as a relation and vice versa. 
All the relations except paryapti, are diadic. These differences get reflected 
in the diagrams. 
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Chapter 3 


Coneptual methodologies in 

Navya Nyaya 


In this chapter three important concepts in NN viz.- abhdva, nirupaka and 
avacchedaka are discussed. In the first section the difference between the 
concept of abhdva and that of negation in western logic is highlighted. This 
section also introduces two different types of abhdvas used in NN. Second 
section explains the concept of nirupaka with the help of example. Finally 
the most important and widely used concept in NN - avacchedaka is the topic 
of last section. Here three different senses of avacchedaka are discussed. It 
has been also pointed out that the underlying concept behind these three 
seemingly different senses is same. 


3.1 abhava 

The sentence ’man is mortal’ is ambiguous between two readings 

• some man is mortal 

• every man is mortal 



The Conceptual Graph (CG) for this sentence is 


man:*x 


■( possess 


> 


Figure 1 


mortality! 


This is a weak graph having both the readings. The conceptual graph 
corresponding to the strong reading viz. ’every man is mortal’, will be 







mortality 


Figure 2 


In NN also, the sentences with universal quantifiers, like the one given 
above, are expressed by using the notion of negation. 

A naiydyika will say, 

’Humanity is absent from a locus, in which there is absence of mortality’ 
[Matilal,1968;p3] 

The diagramatic representation of this will be 









( * indicates the starting point for reading the diagram.) 

Figure 3 


There is vast difference between the concept of negation in western logic 
and concept of abhdva in nydya. In nydya there are two major types of ab- 
sences, corresponding to the canonical forms 
’a has no b’ (atyanta abhavaY 

and 

’a is not b’ ( anyonya abhdva 


3.1.1 atyanta abhdva 

nydya allows only term negations whereas in western logic, it is the propo- 
sition that is negated. The difference will become clear with the following 
example. 

The Conceptual Graph for the sentence 
The table does not have any book on it 
is 


*This being used more frequently than the other one, is many times referred to as 
abhava 

^This is also called bheda - bhinnatavdla 


ZA 




Figure 4a 


Since in nydya, the canonical form is ’a has b’, naiydyika expresses the 
above fact as 

tebala has hook- abhdva. 

Hence the diagramatic representation will be 



Figure 4b 


This representation is, however, silent on whether it is the absence of 
one particular book or of all books. To indicate the quantity, NN makes use 
of a technical term called avacchedaka which we will be discussing in the 
following section. 

The term ’abhdva’ is incomplete in itself. One cannot just say, 
tebala has abhdva 

It has an expectancy - abhdva of what? This object, whose abhdva is being 
referred to, is called the pratiyogi of the abhava. Hence the book abhdva, is 
referred to as book pratiyogika abhdva, 
i.e, the abhdva whose pratiyogi is book. 

Diagramatically, this is represented as 

S > 




book- afe/idva 



Hence, Figure 4b becomes 



Figure 6 


3.1.2 anyonya abhdva 

If a and b are two different objects, then one hats the bheda (difference) of 
the other. 

DiagramaticaJly, difference of a in b is represented as 



bheda 




Figure 7 



NE ’a’ nirupita bhedavdn ’b’ 

( ’a’ ka bheda ’b’ mem) 

Since bheda means bhinnatdvat (i.e., the one which posesses difference), 
it has an expectancy - difference of what? This object whose difference ( 
absence) is referred to will be, as stated earlier, called a pratiyogi of bheda. In 




the given situation ’a’ is the pratiyogi of the bheda. Hence ’a’ has pratiyogiid 
of bheda. 

Therefore, by expanding ’a kd bheda' as ’a nisiha pratiyogiid nirupaka bheda', 
the above figure becomes 



Figure 8 


If a and b were not different, then there would have been an identity re- 
lation {tadatmaya sambandha) between the two. Therefore, the pratiyogiid 
in a is said to be avacchinna (limited by) by tadatmaya sambandha. 

If b has bheda of a, then it is a-ness which is absent in b. 

Hence one can also write, 

’b has bheda of a’ 
as 

’b has an (atyanta abhdva) absence of a-ness.’ 

Thus diagramatically. 



Figure 9 


is equivalent to 



Figure 10 


Fig 10 can further be expanded as 






Figure 11 


The pratiyogita P in Figure 11, is said to be avicchinna by samavaya 
sambandha (inherence relation)^ 

Figure 8 and Figure 11 differ only in the praiiyogis of the abhdva. In 
case of bheda the pratiyogi is a and in case of atyanta abhdva the pratiyogi is 
a-ness. Ingalls has seemed to have missed this point. (See Appendix A) 

Thus the fact that ’a is different from b’ can be viewed in two different 
ways. 

b has difference of a ( see Figure 8) 
or 

b has absence of a-ness ( see Figure 11) 


3.2 nirupakata 

Whenever there is expectancy for other object in the knowledge of one, these 
two objects are said to have niriipya-nirupaka bhdva between them. 

For example, the word khd (to eat) has an expectancy for two objects - 
viz. kartd (agent) and the karma (theme), of the eating activity. Hence the 
activity of eating khd and the kartd (or karma) have nirupya-nirupaka bhdva 
between them. 

The one which describes (nirupana-karanevdld) the other is called a 
nirupaka, and the one which is being described is called a nirupya. 

®If b were same as a, a-ness would have been inhered in b, or a-ness would have been 
related to b by the samavaya (inherence) relation. 







Thus, when one says 
Rama khd rahd hai. 

(Ram is eating), 

immediate reaction is what is he eating? 

Thus, the patient of the activity of eating, say mango, will describe the activ- 
ity of Ram’s eating. Hence, mango, or the karma in this case is the describer 
(nirupaka) and the activity (kriya) kha is being described (nirupya). 
Diagramatically, 



Figure 12 


This figure can be read in following different ways 
dma nistha karmatva nirupiia kriyd khd 
or 

dma nirupita kriydtvavdn khd 
or 

dma nirupita kriyd khd 

Similarly when one says, dma is the karma, the natural question is karma 
of which activity. Thus an activity describes the karma. Or karma gets de- 
scribed by the kriyd. 

Diagramatically 
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Figure 13 


khd kriyd nirupita karmatvavdn dma 
or 

khd kriyd nistha kriydtva nirupita karmatvavdn dma 
or 

dma nistha karmatva ki nirupaka kriyd khd 

The last sentence can also be read in short-cut as 
dma nistha karmatvaka khd 

kartrtva and kriyd describe and are described by each other. Hence they also 
have nirupya-nirupaka-bhdva. 

The properties in nirupya and nirupaka are nirupyatd and nirupakatd 
respectively. 

Few other examples of pairs having nirupya-nirupaka-bhdva are 

• ddhdratd-ddheyatd 

• anuyogitd-pratiyogitd 

• avacchedakatd-avacchinnatd 

• nirupakatd-nirupyatd 

The nirupyatd or nirupakatd in that sense is a very general relation. It 
just says, by some relation, the two objects are related. The natural lan- 
guage counterpart of the nirupaka is the word denoting possession. {”kd” in 
Hindi or ” ’s” in English). 

The expression 

Dasaratha ke putra 

may be expressed in First order predicate calculus (FOPC) as 
X fath€r(Dasharath,x) 
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which corresponds to '* .'i x satisfying the above predicate. Thus 

value of X depends on the first argument of the predicate father, viz. Dasharath 
in this case. 

In NN the corresponding expression and its diagrammatic representation 
will be 



Figure 14 


NE: Dasaratha nirupita putratva van 

Thus the value of x gets determined by the nirupaka of putratva viz. 
Dasaratha in this case. 


3.3 avacchedaka 

The avacchedaka is one of the very key concepts in nydya. It is used very 
widely, and extensively and in many different senses. 

Three of the senses are 

• as a mode of cognition[Bhattacharya,1990a;pl34] 

• as a quantifier[Bhattacharya,l 990a;pl37, Stall, 1988;p83] 

• as a sakyatd at;acchedafcfl[Guha,1979;pl8] 

First we will explain these three senses of avacchedaka with the help of 
examples. Next we will show how these seemingly unrelated senses have a 
common underlying concept. 


Si 




3.3.1 Mode of cognition 

When one looks at a blue pen, one may perceive it in many different ways. 
E.g. 


- as a blue pen 

- as a coloured pen 

- as a blue substance, etc. 

(depending on ones intentions) . 

Though ontologically same object is involved in all the three cognitions, it 
is the mode of cognition which differentiates one from the other. Ontolog- 
ically, the pen has pen-ness, blue colour and substance-ness in it, and the 
blue colour has blue-colourness. 

Digramatically 



Figure 15 


Now it is the intention which focuses on only some part of the figure and 
ignores the rest. E.g. when one cognises the blue pen as a blue pen, the 
cognition can be represented as 




blue-colourness 

-a prakdratd 



m 




blue-colour 

visesyatd pen-ness 


f V V 


pen 


Figure 16 


In all the three cognition, pen is the visesya (qualificand) and blue-colour 
is the prakdra {visesana roughly). 

It is the avacchedaka which distinguishes one cognition from the other. This 
cognition has pen-ness as the avacchedaka of visesyatd and blue-colourness 
as the avacchedaka of prakdratd. This simply means that a pen is cognised 
only as far as it has pen-ness and blue-colour in it, i.e. as far as a writing 
device say and no other property (such as thick or thin, whether it writes 
smoothly or not, etc.) in it is being considered. 

Thus this avacchedaka serves as a mode of cognition. 

Similarly by taking different combinations of avacchedaka for prakdrata and 
visesayatd one gets different cognitions. 

Thus the ontologically identical things may have different cognised struc- 
tures or in other words, objects may be cognised through different modes. 


This use of avacchedaka (limitor) therefore removes the problem of ‘ref- 
erential opacity’ . Though kdliddsa is the author of both sdkumtala as well 
as meghaduia, the sentence 

sdkumtala kd racayitd meghaduta kd racayitd hai 
is not vacuous, saying kdliddsa is kdliddsa. The cognition arising from this 
sentence in NN terminlogy can be represented as 

(see -f Cg-we on next ) 

(* : denotes the starting point for reading the diagram). 

NE; sdkumtala nistha janyatd se nirupita janaka nistha adhikaranatd 
meghaduta nistha janyatd se nirupita janakatd se avacchinna hai. 
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janakatd 

adhikaranatd ^ 

janakatd 

janyatd 








sdkuntala 




neghaduta 


Figure 17 


3.3.2 Quantifier 

According to NN theory every object always has some relation with the other 
objects involved in the cognition. This imposes some ’role’ on every object 
with the other one. E.g. a person can be a father for his son, a teacher for 
his students and a husband for his wife . Hence he will have the abstract 
properties viz. father-ness, teaclrer-ness, and husband-ness in him. 

The avacchedakas of such abstract properties serve the purpose of uni- 
versal quantifiers. 

We explain this use of avacchedaka with the help of two examples. 

Examplel: 

The sentence 

manusya buddhimana hat (1) 

is ambiguous between two readings 

koi eka manusya buddhimana hai. 

and 

sabhi manusya buddhimana hai. 

In the sentence (1) manusya is the uddesya. uddesyatd is the abstract 
property in uddesya, and the uddesyatd avacchedaka is manusyatva. 

Diagramatically, is. as Ftgaire i.8. 

Now the question of disambiguating boils down to specifying the relation 
between the two terms - manusyatva and buddhimattd 

If ax R(x) denotes a restricted variable x such that R(x),[Helperin, 1957, Stall, 1988;p83] 
then buddhimana manusya can be represented as 
ax has (x, buddhimattd) A manusya (x) 

This expression itself does not indicate whether x is an existential or univer- 
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Figure 18 


sal. It is the quantifier viz. 3 or V which further quantifies the expression. 

Thus 

3a X has (x, buddhimattd) A manusya (x) 
denotes 

koi eka manusya buddhimana hai 

and 

Vax has (x, buddhimatta) A manusya (x) 
denotes 

sahhi manusya buddhimana haim. 

In nydya, naiydyika states the relation R of manusyatva in buddhimattd 
as 

sdmdnadhikaranya and avacchinnatd 

in case of existential and universal quantifiers respectively. [Matilal,1968;p78] 

Thus using NN terminology, 

if uddesyatva avacchedaka (viz. manusyatva) ke sdtha buddhimattd kd sdmdnddhikarc 
hai, 

then, the cognition discribed by these words corresponds to 
koi eka manusya buddhimana hai 
while the cognition described by 

uddesyatva kd avacchedaka (viz. manusyatva) buddhimattd se vydpya hai 
corresponds to the sentence 

sabhi manusya buddhimana haim. 

Thus it is the avacchedaka of the abstract property that serves as a uni- 
versal quantifier. 

Diagramatically, C. Fixate i3j 
If 

R is sdmanddhikaranya then the above diagram reads. 








Figure 19 


koi eka manusya buddhimdna hai. 

and if R is avacchinnatd (the abstract property residing in one which gets 
limited) then the above diagram reads 

sahhi manusya buddhimdna haim. 

Let us see how the relation avacchinnatd gives the semantics of universal 
quantifier. When we say the relation R is avacchinnatd, it means buddhi- 
mattd is avacchinna by manusyatva. By this we understand the locus of 
buddhimatta is one who has manusyatva and no other property other than 
manusyatva is being considered while stating manusya buddhimdna hai. 

Thus effectively it says, it is an arbitrary man {sdmdnya manusya) who 
is intelligent. 

In other words this statement is about an arbitrary man and hence is 
applicable to every man in particular. This brings in the universal quantifier 
in picture. When the relation R is sdmanddhikaranya, then it just says that 
the two properties manusyatva and buddhimatta co-exist. 

Example 2: 

Here we analyse two of the insertions, resulting in the improvement of the 
definition of vydpti, that are discussed in the purvapaksavydpti nirupanam of 
anumdna khanda of the siddhanta ^[Joshi, 1985 ;p 132] 

vydpti (pervasion) is the relation of pervader (vydpaka) in pervaded (vydpya). 
Since the definition of vydpti in NN literature is diseased in the context of 

* siddhanta muktavali is the commentory by visvanSthapancanana hhattScSrya on his 
own work bhaia pariccheda. 
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inference, the pervader is sadhya and the one which is pervaded is hetu. 

The definition given by visvandtha is 
vydpti : sddhyavat anya avrttiivam hetau 

First we rewrite this in Hindi, making use of linguistic knowledge 

= sddhyavat anya avrititva hetu mem 

= sadhyavale (adhikarana) $e bhinna (adhikarana) se nirupita vrttitd, 
kd abhdva hetu mem 

= sddhyavdle (adhikarana) ke bhedavdle (adhikarana) se nirupita 
adheyatd kd abhdva hetu mem 

= sddhyavdle (adhikarana) mem nistha pratiyogitd nirupakajo bheda, 
aise bhedavdle (adhikarana) se nirupita adheyatd nistha pratiyogitd nirupaka 
abhdva hetu mem. 

[sddhya ke adhikarana se bhinna adhikarana mem na rahandpana kd 
abhdva (hetu mem) hi vydpti hai.] 


Now we represent this diagramatically as 



Figure 20 


From this definition, it is not clear 

1. Whether the diflference (bheda) is to be taken of one particular loci of 
sddhya or with all loci of sddhya. 

2. Whether hetu should be absent in one such different locus that is dif- 
ferent from the locus of sddhya or all loci that are different from the 
locus of sddhya. 
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It is quite clear from the term ‘vyapti’ that in both cases, we should 
consider all loci. Thus the difference (bheda) is to be taken from all loci of 
sadhya and hetu should also be absent from all loci that are different from 
the locus of sadhya. Let us see how this is achieved in NN technical language. 
visvanatha gives two insertions corresponding to these two. 

The phrase sadhyavat anya or sadhyavale (adhikarana mem) nisiha pmtiyo- 
gitd niriipaka bheda 

is explained as sadhyavale (adhikarana mem) nistha sadhyavatva se avicchinna, 
pratiyogitd niriipaka bheda. 

This insertion, states that the pratiyogitd of the bheda in the sddhy a- adhikarana 
is limited by sadhyavattva. 

Similarly the phrase avrttitva 
or 

ddheyatd nistha pratiyogitd nirupaka abhdva 
is explained as 

ddheyatd nistha, ddheyatdtva se avacchinna, pratiyogitd nirupaka abhdva 
This insertion says that the ddheyatd nistha pratiyogitd is limited by the 
ddheyatdtva. 


With these two insertions, the modified definition of vydpti will be 
sadhyavdle (adhikarana ) mem nistha, sddhyavatva se avacchinna, pratiyo- 
gitd, nirupaka, jo bheda aise bhedavdle (adhikarana ) se nirupita, ddheyatd 
nistha, ddheyatdtva se avicchinna, pratiyogitd nirupaka abhdva hetu mem 
hai. 

Diagramatically, 



Figure 21 
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3.3.3 To denote a sdmdnya object 

According to nydya pada (word) and padartha (its meaning) are related with 
each other by a relation. The relation of pada in padartha is called sakti. 



Figure 22 


It is the sakyatd avacchedaka whidi is said to determine the meaning or 
referent of the pada.[Shaw,1985] sakyata avacchcdaka is defined as 

vdcyatve sati 
vdcyavrttitve sati 

vdcya upasthiti prafccra/uam[Jhalakikara,1928;p580] 

i.e, sakyatd avacchedaka is one 
which itself is the meaning of the referent, 
which exists in the referent, 

and also appears as a qualifier in the recollection of the referent of the 
pada.[Guha,1979;pl8] 

Thus, e.g. in the above example, gotva is the sakyatd avacchedaka of the 
referent of the term ‘gdya’. Hence the referent of the term ‘gay a’ is any 






arbitrary gdya {sdmdnya gdya). 


When one wants to refer to a particular cow, one uses either her name 
or a pronoun. In that case the sakyaid avacchedaka will not be just gotva. 
For example, if the name of the cow is Kapild, then the sakyatd avacchedaka 
will be both Kapildtva and gotva. 


3.3.4 summary 

Thus one can see that, though avacchedaka is used in different senses, basi- 
cally it is used to determine the range of the locus of the abstract property. 
For example, in case of avacchedaka of buddhimattd it fixes the locus of bud- 
dhimatta to somebody or anybody with manusyatva property. In case of 
vydpti, whether it is some locus or any locus, in case of referent, whether it 
is a particular cow or any cow. And this is what mode of cognition is for. In 
the case of mode of cognition, it is the perceiver who has avacchedakas in- 
volved in his cognition. On the other hand when a speaker uses avacchedakas, 
then the sole purpose of the introduction of these avacchedakas is to precisely 
tell what he means, by specifying the ranges of the loci of abstract properties. 

The avacchedakas, thus have two aspects - first one is to specify the range 
of locus of abstract property which is getting avacchinna (limited) by this 
avacchedaka, and second one is to denote a sdmdnya object. The restricted 
variabls can capture only first of these two aspects, avacchedaka themselves 
serve as a quantifier since one which gets avacchinna denotes a sdmdnya 
objec. However in case of restricted variables, one has to make use of quan- 
tifiers explicitly for quantification purpose. 
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Chapter 4 


Techniques in Navya Nyaya 


In this capter we discuss very widely used technique in NN viz. anugama. 
anugama is a technique of generalisation. It is widely used in definitions. 
Generalisations is effected either by using relations or by using properties. 
These two methods of anugama are known as samsarga vidhaya anugama 
and prakdra vidhaya anugama respectively. In the case of samsarga vidhaya 
anugama, the abstraction is done by mentioning the relation between two 
objects while in the case of prakdra vidhaya anugama, the qualifiers of all 
the objects in the particular cognition are mentioned, thereby eliminating 
the undesired readings. There is a striking similarity between the samsarga 
vidhaya anugama and the relation contraction in conceptual graphs. For a 
more complex example of samsarga vidhaya anugama see Appendix D. An 
example of prakdra vidhayd anugama - abstraction through the properties 
is given in Appendix C. 


4.1 anugama 

In western logic variables are used for stating universal laws. Old nyaya was 
using a pair of relative pronouns that-which {yat - tat) in the definitions. 
But according to NN school, these relative pronouns stand for free variables. 
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"Such a sentence may serve the purpose of universal sentence 
only by substituting names for the free variables in succession. 
Still such a substitution yields a singular sentence. Hence these 
philosophers use the technique of anugama to avoid using rela- 
tive pronouns altogether.” [Bhattacharya,1990b;pp 108-109] 


4.1.1 samsarga vidhayd anugama 

Here we start with the definition of bhrama (false cognition) and show 
how we arrive at the samsargavidhayd anugama by generalising the defini- 
tion with the help of relations. 

Bhrama is defined as 

bhramah = yatra yat ndsti tatra tasya jndnam 
i.e., 

bhrama = vastu mem kisi aise dharma kd jndna hona — (a) 
jo usa vastu me nahmi rahatd — (b) 
udd: rajju ko dekhakara sarpa kd jndna hond yaha bhrama hat. 

Thus there are two conditions for a cognition to be false. 

1. According to the first condition rajjvao sarpatvasya jndnam. 
i.e., rajju mem sarpatva kd jndna hond 

bhrama is a jndna. Every jndna has a visaya. rajju is the visaya of the 
given jndna. Hence, rajju has visayatd in it. The mode of cognition of 
rajju is sarpatva. Therefore sarpatva is the avaccedaka of the visayatd 
in rajju. {avacchedaka as a mode of cognition is discussed in previous 
chapter). 
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This is represented as 



Figure 1 


2. The second condition denies the presence of sarpatvam in rajju. 
sarpatvam rajjao ndsti. 
sarpatva rajju mem nahim hai. 
sarpatva mem rajju ki adheyata kd abhdva hai. 
srapatva mem rajju nirupita ddheyatd kd abhdva hai. 

This is represented as 
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combining Figures Figure 1 and Figure 2, we get 









This can be drawn in compact form as 



where 
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abhava 


Figure 4 


Thus 

bhramatva = vastu visista visayatd nirupaka jfidnatva 
vaisistya 

sva adheyata (Rl) evam sva ddheyatd abhdvavat dharma 

avacchinnatva (R2) ina ubhaya sambandhom se, where sva refers 

to vastu. 

This technique of samsargavidhayd anugama is very similar to the con- 
cept of relation contraction in Conceptual Graphs. 
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4.1.2 Relation Contraction 


The sentence 

’The total number of floppies in the stock room is 15’ [Sowa,1985;pll4] 
can be represented as 


Figure 5 
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where quantity-on-hand stands for 
relation quantity-on-hand(x,y) is 
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Chapter 5 


Quantifiers in Navya Nyaya 


5.1 Introduction 

In ordinary language, we use the notion of "‘samanya', quite naturally 
and frequently. For example, when one says, 

'koi ladaka dyd hdi', 

though he was a definite boy, yet his identity being not revealed (with 
the assumption that it is immaterial in the given context), he is a 
'sdmdnya' boy. 


Similarly if somebody says, 

'koi bhi pen le ao\ 

one is going to bring some pen. The pen that will be brought will be a 
definite one. But still it is an arbitrary pen, i.e., properties in this pen, 
other than pen-ness are unimportant. In other words, though this is a 
particular (visesa), stiU it is arbitrary (sdmdnya). 


In natural deduction also we make use of the concept - 'sdmdnya'. Hav- 
ing shown that the sum of interior angles of an arbitrary (sdmdnya) 
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triangle is 180®, we generalise it to ’all triangles have the property that 
sum of their interior angles is 180®’. Also after establishing that bisec- 
tor of an angle exists, we give it a name and call it the bisector of the 
given angle. 

In the first example, the triangle chosen, though is particular, none of 
the special properties of it are considered, except that it is a triangle. 
Thus it is viewed as 'samanya\ though it is 'xiisesa'. In other words, 
it is 'visesa, avacchinna by samanya rupa\ In the second case, the 
bisector is an arbitrary bisector (samanya), but once a name is given 
to it, it becomes visesa. Thus the bisector can be described as visesa 
rupa se avacchinna samanya object. 

This concept of samanya is very close to the concept of Kit Fine’s ’ar- 
bitrary objects’in Fine(1985b) 

According to Kit Fine,(Fine,1985b;p viii) 

’’the true potential of the generic approach is only fully re- 
alised when the quantifiers, as standardly conceived, are dropped 
altogether and the arbitrary objects themselves are made the 
sole vehicle of the generality. ” 

NN does not make use of quantifiers and variables. On the other hand 
it uses abstract properties, avacchedakas and the concept of nirupya- 
nirupaka bhdva, as we have seen in the previous chapter. 

In what follows we show how the NN theory is close to the theory of 
arbitrary objects, give the semantics of Copi’s system, in brief, in the 
light of arbitrary objects, and finally show how this semantics is cap- 
tured by the NN diagrams. 


5.2 Arbitrary Objects 

The theory of arbitrary objects has three notions. 
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(a) There are arbitrary objects. 

nyaya accepts the existence of sjbitrary (sdmdnya) ob- 
jects. E.g. it allows the expressions such as ghatatvavat to mean 
'sdmdnya shata’.[Jha,1965;pp 270-312] 

(b) The arbitrary objects are related with other arbitrary objects 
by dependency relation. According to naiydyikas, it is the ab- 
stract property that depends on the other abstract property(ies). 
Abstract properties have nirupya nirupaka bhdva between them. 
[Ingalls, 1951 ;p47] 

(c) The third notion is that of value assignment to the arbitrary ob- 
jects. In NN it is the avacchedaka which governs the values that 
an arbitrary object can receive simultaneously. E.g. bdlakatva se 
avacchinna vyaktitva will restict the values vyaktitva can assume, 
to all bdlaka. 

At the same time the dependency relation also constrains the 
values a dependant object can receive. E.g. dyodhyd-nagari se 
nirupita ndgarikatva evam bdlakatva $e avacchinna ndgariktva 
can have only bdlaka resident in ayodhyd nagari as its value. 


5.3 Copi’s system 

The description of Copi’s system in the light of arbitrary objects as 
adapted from Kit Fine’s ’Reasoning with arbitrary objects’ is presented 
below. [1985b] 

The quantification rules for Copi’s system are 
UI: Vx $(x) /#(t) UG: $fa) /Vx$(x) 

El: 3 X $(x)/$(a) EG: ^(t)/3 x $(x) 

The restriction for applying the rules El and UG are as given below. 


SO 



(a) Local restriction: The letter V should not occur in $ in any 
application of UG and EL 

(b) Novelty: In any application of El, the letter ’a’ should not have 
been occured in the derivation. 

(c) Weak Flagging: If the letter ’a’ in has been used in an appliation 
of El, one can’t apply UG to this formula. 

(d) Independence: In any application of UG, no letter occuring either 
in the conclusion or suppositions to the inference can be identical 
to or depend on the letter ’a’. 


5.3.1 Dependency Diagrams 

The dependency diagrams are helpful to keep a running check on the 
correctness of derivations. These diagrams are drawn making use of 
typographic distinction between the ’a’ terms of UG and El. 

"The dependency diagrams, especially employed in connec- 
tion with a typographic distinction between UG and EI- 
terms, provide a highly effective way of checking the cor- 
rectness of derivations within C”[Fine,1985a;p95]. 

The tules for drawing dependency diagrams are given below. 

The letter ’a’ occuring in UG and El is called an instantial term. 
We call following Kit Fine, instantial terms corresponding to the ap- 
plications of El and UG rules as 3-instantial term and ^-instantial 
term respectively. In any application of 3x $(x,b,c)/$(a,b,c) of El or 
$(a,b,c)/Vx $(x,b,c) of UG the letters b and c are called given terms. 

(a) Rule for El: Introduce a corresponding to the 3-instantial term 
and label it. The label should not be present earlier in the dia- 
gram. If a label already exists, then derivation can’t be continued. 
[This takes care of novelty.] 

Introduce ’★’s corresponding to the given terms that are not al- 
ready present. Join all the nodes corresponding to given terms to 
the node corresponding to 3-instantial term by arrows(— >). 
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(b) Rale for UG: If V-instantial term is not already present in the 
diagram, introduce an V corresponding to it. Corresponding to 
each given term that is not present in the diagram, introduce an 
V’. 

If V-instantial term is already present in the diagram, two situa- 
tions are possible. 

• It is connected to other nodes. In this case, if the other nodes 
to which it is connected do not appear as given terms, only 
then UG can be applied, otherwise the derivation fails. [This 
takes care of Independence]. 

• It is not connected to other nodes. In this case UG can be 
applied. 

Two different symbols for 3-instantial terms and V-instantial terms as- 
sure the satisfiability of Weak Flagging. 


We now give here two examples of derivations and the corresponding 
dependency diagrams. 

Example 1. Derive Vx3yFxy from 3yVxFxy. 

At each stage of derivation we write down the rule used and show the 

status of dependency diagram. 

Dependency diagram 


1. 

2. 

3y VxFxy 
VxFxb 

El 

• b 

3. 

Fab 

UI 

• b 

4. 

3yFay 

El 

• b 

5. 

Vx 3yFxy 

UG 

a ★ • b 


Example 2. Here we show how the dependency diagram stops us from 
using 3y VxFxy from Vx 3yFxy. 

Dependency diagramT 


1. 

Vx 3yFxy 


2. 

ByFay 

UI 

3. 

Fab 

EG 

4. 

VxFxb 

UG 


a *— >• b 



Fourth step is not possible as it violates the rule for UG, 'Wz., F con- 
tains ’b’ - a given term which depends on ’a’. Hence UG can’t be 
applied for ’a’ unless ’b’ is eliminated from the expression. 


The semantics of the V-instantial terms and 3-instantial terms in terms 
of arbitrary objects is 

"the V-instantial terms shall denote unrestricted A-objects; 
the 3-instantial terms from inferences 3x$(x)/$(a) shall de- 
note putative $-ers, dependent upon the objects denoted by 
the given terms to the inference” [Fine, 1985; p95]. 


5.4 nydya 

The interpretations of 3-instantial terms and V-instantial terms in 
nydya are ’visesa rupa se samanyd* and 'sdmdnya rupa se visesa’ re- 
spectively. First we explain the phrases ^visesa rupa se sdmdnya' and 
'sdmdnya rupa se vise§a' and then show how these are equivalent to 
the semantics of instantial terms in terms of arbitrary objects. 

Let us reconsider the examples discussed in the introduction of this 
chapter. The sentence 

kala koi ladakd dyd thd, 

though is for a particular boy, who had come yesterday, he is a definite 
boy. But the pecularity being not specified, other than that he had 
come yesterday, he is a ^sdmdnya’ boy, having unspecified vaisistya. Or 
in other words, he is ’visesa rupa se avacchinna sdmdnya ladakd'. In 
terms of arbitrary objects, this is an arbitrary ’a’ that $’s - a putative 
§-er. 


The sentence 

koi bhi ladakd padha sakatd hai, 

says every boy has an ability to read. Now when we make use of this 
sentence in the derivation, we instantiate the boy with a particular 
boy. But in derivation we don’t make use of any other property in 
the boy, other than that he is a boy. Though a boy is particular i.e. 



vi^esa, he is stiU cognised as a 'samanyd*. Hence he is 'samanya rupa 
8€ rtiefo’. 

In terms of dependency diagrams, a corresponds to an object that 
is ^visesa rupa se sdmanya' and a corresponds to an object that is 
^samanya rupa se visesa. 

Now let ns see how NN represents sentences whose First Order Pred- 
icate Calculus (FOPC) representation involves quantifiers and vari- 
ables. 

The sentence ’Mohan loves Kapila’ in FOPC is represented as 
loves(Mohan,Kapila) 

where Mohan and Kapila are individuals. 

Here loves is a predicate. But NN expression involve only terms and 
their properties. So it is necessary to use the semantics of the argument 
positions in the predicate. This can be represented, therefore, as 
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Figure 1 


Since adhdrata can be represented simply by — > arrow, 



Figure 2 


prema vydpara is prema and phala dsrayatd of prema vyapdra is priy- 
atva. 


r 
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One can therefore redraw the above figure as 



Now the representation for 

koi manusya kisi gdya se prema kamtd hai 
in FOPC is (assuming that variables are sorted) 
3x3yloves(x,y) 
and the NN representation is 



The vaistsfya in gdya being \isista manusya nistha prema nirupita 
priyatva' 

and the vaisiMya in manusya being 'visista gdya nistha priyatva nirupita 
prema’ 

The dependency diagram can then be drawn as 

a • » b 

where the node ’a’ corresponds to manusyatva evam vaisiMya se avacchinna 
premavat and ’b’ corresponds to gotva evam vaisistya se avacchinna 
priytvavat. Since prema and priyatva have nirupya nirupaka bhdva, ’a’ 
and ’b’ depend on each other. 




Semantically it means, the two formulae 3x3yloves(x,y) and 3y3xlov€s(x,y) 
are equivalent. 

Shown below is the equivalence of these formulae, using Copi’s system 
and the corresponding dependency diagrams. 

3x3yloves(x,y) — 3y3xloves(x,y) 

3yloves(a,y) El a • — 3xloves(x,b) El • b 

loves(a,b) El a b — loves(a,b) El a •*—* b 

3xloves(x,b) EG — 3yloves(a,y) EG 

3y3xloves(x,y) EG — 3x3ylov€s(x,y) EG 

The formula 

3yVxloves(x,y)A (y=Kapila) (Iw) 

in FOPC ( where Kapila is assumed to be name of a cow), stands for 
hara bdlaka Kapila ndmaka gdya se prema karatd hai (1) 

Since in NN the canonical form is ’a hae b’, 
we paraphrase (1) as 

hara bdlaka mem Kapila ndmaka gdya ke prati prema hai, 

or as 

jahdm jahdm bdlakatva hai vahdm vahdm Kapild ke prati prema hai, 
or as 

bdlaktva Kapild se nirupita prema se vydpya hai. 



Figure 5 


This can further be expanded as 
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Figure 6 


Before presenting the dependency diagram, we first give the meaning 
of vyapyata. vydpyata is the relation of pervasion. 



Figure 7 


Hence given a vydpya ( the one which is pervaded by), there always 
exists a vydpaka (the one which pervades), but not the other way. E.g. 
smoke is pervaded by fire. Hence given an instance of smoke (which is 
sdmanya rupa sc avacckinna visista smoke), there exists a particular 
instance of fire. Now the fire though is an arbitrary fire has a property 
that it pervades the given instance of smoke. Hence it is visesa rupa $e 
avacckinna sdmanya fire. Thus, there will always be a correspond- 
ing to a vydpya and a corresponding to a vydpaka. 

Therefore the dependency diagram for Figure 6 will be 
a * • b 

where ’a’ corresponds to bdlaktva and ’b’ to Kapild. 

Below we give few sentences in natural language and their representa- 
tions in FOPC and NN, along with the dependency diagrams. 


• Sentence : hara bdlaka kisi na kisi gdya se prema karatd hat. 





♦ FOPC : Vx3yloves(x,y) (2w) 

• NN : 



Figure 8 


• Dependency Diagram; a b 

Note that the fact that Expression (2w) can be derived from the Ex- 
pression (Iw) but not vice versa, is very naturally reflected in the 
corresponding NN diagrams, viz. Figure 6 and Figure 8. Figure 8 is 
a natural genrealisation of Figure 6 while Figure 6 is a special case of 
Figure 8. 

• Sentence : ham gdya se koi na koi bdlaka prema kamtd hai. 

. FOPC : Vy3xloves(x,y) 

• NN : 



Figure 9 

• Dependency Diagram: a b 
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• Sentence : ham balaka ham gay a se prema karatd hai. 

• FOPC : VxVyIoves(x,y) 

• NN : 



Figure 10 


• Dependency Diagram: a * * b 

• Sentence : eka balaka eka gdya se ham ghara mem ham dina 
prema kamtd hai. 

• FOPC :3s3yVuVv F(sj,u,v)[s: balaka, y: gdya, u: gkam, v: dina] 

• NN: 



• Dependency Diagram: u**v#s*y 

Since extra lines between *8 and *s can always be introduced in the 
dependency diagrams and the order of independent nodes being im- 
material, some of the formulae that can be derived are given below. 
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Formulae 

Dependency Diagram 

1. 

3y3sVuVvFsyuv 

★u^v#s#y 

2. 

3y3sVvVuFsyuv 

★u^v#s#y 

3. 

3s3yVvVuFsyuv 

★u^v#s#y 

4. 

3sVu3yVvFsyuv 

u ★--^•y ★ V • s 

5. 

3sVuVv3yFsyuv 

u^#y #8 

6. 

3yVuVv3sFsyuv 

u • y 

7. 

3yVu3sVvFsyuv 

u s ★ V • y 

8. 

Vu3sVv3yFsyuv 

11 s 

9. 

VuVvSsSyFsyuv 



T4 


Note that one of the possible dependency diagrams is u*-+*s v*-^*y 
which corresponds to branching quantifiers, for which there is no equiv- 
alent FOPC formula. 
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Chapter 6 


Conclusion 


6.1 What has been achieved 

• The diagrams drawn using Conceptual graphs like notation for 
representing the NN expressions, help a modern student to have 
a physical view of the NNEs. Since this notation maintains a one- 
to-one correspondence between the diagram and the given NNE, 
it produces a faithful image of the gven NNE. This facilitates a 
modern student in viewing and listening to a text on NN. 


* It is necessary to note a difference in the concept of relation in 
NN and western logic. In western logic a term and a relation 
have totally different status. In NN, however, any relation is a 
property residing in its anuyogi. This property is a special one, 
as it has an expectancy for the other term, viz. pratiyogi with 
which it is related. As such this property is always determined 
by its pmUyogL Also there is an altogether different treatment of 
abhava in NN. Hence the notation thus evolved, though have a 
origin in conceptual graphs, is a totally different version of it. 
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* On the one hnnd, this thesis has established a bridge between 
NN and the conceptual graphs by providing a notation for rep- 
resentation. On the other hand, it has also filled a gap at the 
conceptual level, by providing an interpretation of avaccedakas 
in terms of arbitrary objects. It is known since Ingalls that NN 
does not use quantifiers but make use of combination of abstract 
properties and avacchedakas. Stalls used the notion of restricted 
variables. But still could not capture the concept, since the re- 
stricted variables just capture one of the aspects of avaccedakas 
~ viz. assigning values to a variable. But the other aspect of it, 
viz. quantification is not captured, as in case of restricted vari- 
ables also one has to explicitly use the quantifiers. The concept 
of arbitrary objects, however, captures the concept of avaccedaka 
in its true spirit. 


6.2 Future Work 

• Only those aspects in NN that have a counterpart in FOPC are 
dealt with. Comarative study of abhava and the negation may 
give a new insight. 

• The comaprative study of concept of pratibandhaka with its coun- 
terpart in western logic - default reasoning is another potential 
area. 

• We have studied only one kind of avacchedaka viz. dharma avacchedaka. 
There are many different types of avacchedakas - desa, kdla, sam- 
bandha. These can also be studied. 

• The interpretaion of avacchedakas in terms of arbitrary objects is 
yet to be discussed with naiydyiks. 

Finally, as stated in the introduction, our interest is not in the philo- 
sophical or historical aspects of the NN school. Can the concepts used 
therein be put to actual use? - This is the question, answer to which 
we are looking for. Establishment of a bridge is an important milestone 
in this regard. 
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Appendix A 


Correction in Ingalls 
derivation 


Ingalls treats the two pratiyogitas viz. that of bheda and the atyania 
abhava to be same, and hence arrives at a wrong conclusion that - -x 
siXi cannot be derived. (Ingalls, 1951;p71) 

To understand the point clearly, and to point out the fallacy in his 
argument, complete proof is produced below. 

About Ingalls Notation: 

-X stands for x - abhava 
-X stands for (difference of x) x- bheda 
c stands for the pmtiyogi 
xi stands for x-ness. 

(a) - - X = X ; 

(b) Therefore - - -x = -x ; 

(c) c of - - -X = c of -x ; 



Let us represent these in terms of diagrams and see, the fault in the 
argument. 

(a) is represented as 
/ \ 


P 







Figure 3 


which is the representation for (b). 

From the Figure we see that there two praiiyogis of x-bheda one corre- 
sponding to X'bheda viewed as a bheda and the other x-bheda viewed 
as an atyanta abhava. First one is pratiyogi of the x-bheda viz. x, and 
the second is praiiyogiof abhdvai, viz, x-bheda kd abhava^- 


These two pratiyogitas are not comparable, as one is the pratiyogi of 
anyonya abhava (or bheda) and the other one is that of the atyanta 
abhdm. In other words their avacchedakas are different - in the case 
of bheda it the taddtmya sambandha (identity relation) and in the case 
of atyanta abhava it is the samavdya sambandha ( inherence relation). 
Hence (d) can’t be derived from (c), as has been done by Ingalls. 

If at all the two pratiyogitas are to be compared, they should be of 
similar kind. 

Thus, if in the above Figure, pratiyogitdin x-bheda is replaced by that 
of the atyanta abhava, we get 
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Figure 4 


Now, from the above Figure, we can get 
pmtiyogi of abhavai = abhava 2 of r-bheda ( = - -x) 
and pratiyogi o/i-bheda = x-ness = (x\) 

Therefore - -x = xi, using Ingalls notation. 


CO 


x-ness 


X 
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Appendix B 


pratiyogita 


B.l Technological Clashes 

The term pratiyogita in NN is overloaded. This term is used in two 
different contexts - 

• in the context of relations, and 

• in the context of abhava. 

The first one is knoum as samsargika pratiyogita, and the second one 
as abhaviya pratiyogita. 


B.1.1 abhaviya pratiyogita 

pratiyoga means to oppose . Hence pratiyogita is opposition. In the 
context of abhava, the object which opposes (or removes) the abhava 
is called the pratiyogi of the abhava. For example, in the case of book- 
abhava, the presence of book on the table will remove its absence from 
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ihe table, Hetux book is the pratiyogi of book abhava. 



® 1 • 2 samsargika pratiyogitd 

A relation in NN is o. relation of something ’a’ in something ’b\ 


Figure 2 



The terms V and ’a' are called anuyogi and the pratiyogi of the rela- 
tions Rj respectively- 

For example, Rama has son-ness determined by Daiaratha, is repre- 
sented as 


Dasaratha (putratva} - 

Figure 8 


Rama 


Dasaratha being the pratiyogi, Dasaratha has pratiyogita of putratva 
relation . 
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B.2 Consistency in terminology 

At the outset these two usages seem to be totally unrelated. But if 
we relate these to their natural language counterparts, we will see the 
striking similarity between the two. 

Consider the senterux- 
Da^aratha ke pxitra Rama 
This can be represented as 


{putratv) r-**r 

Figure 4 


Dadaratha 


{Rama 


ffeiv the pratiyogi of the relation putratva is Dasaratha. 
This can be further elaborated as 



Figure 5 


Thus we have 





Figure 6 


This says, 

Rama has putratva, whose pratiyoigta is in Dasaratha. 
i.e, 

Rama mcm Daiaratha nirupita (ka) putratva hai — (la) 

Now consider the sentence 

tebala para pustaka ka abhava hai. (2a) 

This will be represented diagramatically as 



— (II) 


Figure 7 

Note the similarity between (I) and (II) which correspond to the natu- 
ral language sentences (la) and (2a) respectively. 




Appendix C 


prakara vidhaya anugama 


Tht final definition of/ya.pti feyraghunathasiromani ^siddhantalaksana^ 
is 

hetu ke /TtisI bhi } adhikarana mem vrtti (kisi bhi ) abhavake apratiyogi 
ka hctu ke satha samanadhikarajnya hi vyapti hai. — (1) 

let V’ 6c anj locus 0 / beta 

let 'a ’ 6c cnjif absence in the locus V, 

and let 's’ be an instance of sadhya in locus ’I’, 

then 's’ should not be the pratiyogi of the absence 'a' in T. 

Then Sentence (1) is expressed in FOPC as 

V6 VI Va 3a /hetufftj A sadhya('sj A abhavafa^ A has(l,h) A has(l,s) ->■ 
Aasfs,pratiyogitafaj7 -(2) 

The praktra vidhaya anugama of (1) is [Shukla, 1984 ;p 187] 

vastu samanadhikaraija vastunistha abhava nirupita 

pratiyogitinistha pratiyogita nirupita 

abhava ni§tha avacchedakata nirupita 

v|[ttitva nistha avacchedakata nirupita 

adhikarai(][a ni§tha avacchedakata nirupita 



av.ifcluniakata vyapti hai. 


Thu» vyapti is defined as 
The avacchedakata in hetu, 

where avacchcdakati is determined by the avacchedakata in vrttita, 
which in turn is determined by the avacchedakata in the abhava, oc- 
curing in the locus of hetu. 

The avacchedakata in above mentioned abhava is determined by the 
pratiyogita of the abhava in the sadhya that is occuring in the same 
Itn'UH ns that of hetu. 

Fallowing is the diagramatic representation of this definition. 



Figure 1 


Here we note that the avacchedakatas correspond to the universal quan- 
tifiers in (S). 

Thus the avacchedakata in hetu says, it is not any particular locus 
/adhikaraniaj o/hetu but any locus of the hetu. Similarly the avacchedakata 
in the vrttita says, it is not particular abhava but any abhava m the 
locus, and finally, pratiyogi of this abhava should not be sadhya. Now 










a pratiyogi o/abhava of X can be any object belonging to the class X. 
e.p. pratiyogi of abhava of a book can be a blue book, red book, thick 
book, etc. So the sadhya should have absence of pratiyogitas existing 
in mck of these. Since these pratiyogitas are qualified by the abhava, 
abhava has avacchedakata. 



Appendix D 


Use of anugama to specify 
the relations 


IJert we give an example of samsarga vidhaya anugama in the defini- 
tion o/ tat-nirupita-svatva ( owned-by-x-ness).[Shukla,1984;pJ47] 

If a person purchases a thing, then that thing is owned by him. The 
object will have a property (owned-by-x)-nes$ as long as the following 
conditions are satisfied. 

(a) X has purchased the thing. 

(b) the time under consideration is greater then the time of purchase. 

(c) X has not yet sold that thing. 

In NN, the property owned-by-x-ness or tat-nirupita-svatva is defined 
as 

tat-kartrka-kraya-visista-sambandha-kraya-vaisistyam 

sva-karma-pratiyogitva 

evam sva-viiistya-kala-anuyogikatva-ubhaya-sambandhena 



sva- vaisiitya 

sva-uttaratva 

evam sva- visista- vikraya-anuttaratva ubhaya sambandhena 
sva- vaisistya 

s va- samana- kartrkatva 

evam sva-samana-karmakatva ubhaya sambandhena 

We explain the definition with the help of diagrams. 
tat-nirupita-svatva is the property o/ karma, where tat refers to karta. 
For example, if Rama has purchased a cow, then 



Figure 1 


The first part of the definition says, 

tat-kartrka-kraya (the purchase activity whose karta is tatj is related 
to svatva by two relations. Those are 

a) svatva is a property in the karma of the purchase activity, svatva 
resides in karma by svarupa-sambandha. 


SO 
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svatva 



svarupc ^ 



karma 

gdya 


Figure 2 


tat-kartrka-kraya is related to svatva hy the pratiyogita of the karma 
of purchase activity. 


i.e. 



Figure S 


b) naiyayika held the view that all the objects are related to time of 
reference (ksla.) by svariipa sambandha. 

Hence svatva also resides in kala hy svariipa sambandha. 
kala being the anuyogi, anuyogi nirupakata is in svatva. 


The time of reference should be related to the time of purchase activity 






by some relation. 
Hence 



Figure 5 


( 11 ) 


Combining (1) and (2) ^ l^(e get FCguvc 6. n&xi 

Further the time of reference is related to the purchase activity by spe- 
cial relations. These are 

• sva uttaratva 

i.e., the time of referece should by greater than the time of pur- 
chase, 
and 

• sva vikraya anuttaratva 





Figure 6 


i.e., the time of reference should be less than the time of selling 
(vikTsya.) the object. 

Hence 



Figure 7 


will expand as 









Figure 8 


The selling activity is again related to the purchase activity such that 
the karta and karma of both the activities are same. 

Therefore, 



Figure 9 


Replacing (Rl) in Figure 8 by Figure 9 and (R) in Figure 6 by Figure 

8 , 

we get 


r 
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